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(57) ABSTRACT

A method for localization the position of wheels of a vehicle
includes: storing, for each wheel, an image of the intensity of
the signal originating from an electronic module fitted to the
wheel; controlling the emission by each electronic module of
a sequence of n signals emitted with predetermined time
intervals; computing for each sequence of n signals, the tem-
poral variation of the correlation coefficients between each
signal of the sequence and each of the stored images; com-
puting the peak of correlation of the correlation coefficients of
each of the n signals and the temporal position over a wheel
revolution of each of the n peaks of correlation; and selecting,
for each stored image, the wheel at the origin of the emission
of sequences having the highest peaks of correlation associ-
ated with time intervals corresponding to the time intervals of
emission of the n signals of the sequences.

6 Claims, 1 Drawing Sheet
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METHOD FOR LOCATING THE POSITION
OF WHEELS OF A VEHICLE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to a method for locating the position
of wheels of a vehicle, said wheels being fitted with an elec-
tronic module adapted to transmit, to a central unit mounted
on the vehicle, signals representative of operating parameters
of each wheel.

2. Description of the Related Art

More and more motor vehicles, for safety reasons, have
monitoring systems comprising sensors mounted on each of
the wheels of the vehicle that are dedicated to the measure-
ment of parameters, such as pressure or temperature of the
tires fitted to these wheels, and designed to inform the driver
of any abnormal variation of the measured parameter.

These monitoring systems are conventionally equipped
with an electronic module, mounted on each of the wheels of
the vehicle, incorporating, in addition to the aforementioned
sensors, a microprocessor and a radio transmitter, and a cen-
tral unit for receiving the signals transmitted by the transmit-
ters, comprising a computer incorporating a radio receiver.

One of the problems of such monitoring systems which is
necessary to resolve lies in the obligation to associate with
each signal received by the receiver of the central unit an item
of information relating to the location of the electronic mod-
ule and hence of the wheel at the origin of this signal, this
obligation lasting throughout the service life of the vehicle,
that is to say having to be complied with even after changes of
wheels or more simply inversions of the position of these
wheels.

Currently, a first localization method consists in incorpo-
rating an accelerometer in each electronic module and in
using a localization technique based on statistical methods
consisting in comparing the accelerations of the various
wheels in order to obtain an item of information on the respec-
tive position of each of said wheels.

This localization method is not however very efficient
because it requires notably a considerable running time in
order to achieve a discrimination between the various wheels.

A second localization method consists in using at least
three low-frequency antennas each positioned close to one of
the wheels of the vehicle, and in carrying out a localization
procedure consisting in exciting successively each of the
antennas by the transmission of a low-frequency magnetic
field.

According to this procedure, the electronic module
mounted on the wheel situated close to the excited antenna
transmits, in response to and in the direction of the central
unit, a low-frequency signal comprising a code for identify-
ing said module so that the successive excitation of the vari-
ous antennas leads to the localization of the electronic mod-
ules mounted on the wheels next to these antennas.

The main advantage of such a method lies in the fact that
the localization procedure is very rapid and leads to a virtually
instantaneous localization after the vehicle has started.

On the other hand, this solution is extremely costly because
it requires fitting the vehicle with at least three antennas with
all the attendant disadvantages: connecting cables, control
amplifiers, etc.

A third localization method consists in determining the
position of the wheels based on a comparison of the intensity
of' the signals received by the central unit from each transmit-
ter. As is notably described in patent EP 0 931 679, this
method consists:
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in a preliminary phase, in programming the central unit so
as to generate, based on the range of amplitude of the
signal received from each transmitter, a signature of this
signal, then in storing in said central unit each signature
and the corresponding position of the wheel,

and, during the use the vehicle, in using a localization

procedure consisting in generating, in the central unit,
the signatures of the signals received from the transmit-
ters, and in comparing each signature with the stored
signatures so as to deduce therefrom the position of the
corresponding wheel.

It turns out, however, that this technique requires the trans-
mission of signals of a relatively long duration, in practice of
the order of the time required to achieve one wheel revolution
at slow speed, in order to obtain a significant comparison of
the signatures.

Accordingly, the localization method cannot be carried out
by using, for the purpose of generating the signatures
intended to be compared with the stored signatures, the data
frames transmitted periodically, when running, via the elec-
tronic modules, comprising the code for identifying said elec-
tronic modules and the data representative of the measured
operating parameters.

The transmission duration of each of these data frames
turns out, in effect, to be much too short to allow a significant
comparison of the transmitted signal with the stored signa-
tures.

The solution, for the purpose of localization the wheels,
therefore consists, according to this method, in using, when
the vehicle begins to run, an initial procedure dedicated to this
localization, during which the electronic modules transmit
not the usual data frames (identification code and measured
parameters), but specific long-duration signals consisting, for
example, of a carrier.

However, it turns out that, during this initial localization
procedure and because of the length of transmission time,
frequent collisions occur between the signals originating
from the various electronic modules, so that the discrimina-
tion of the wheels by the use of this procedure is random or, at
the very least, requires considerable running times.

SUMMARY OF THE INVENTION

The object of the present invention is to alleviate these
drawbacks and its main objective is to provide a localization
method requiring the transmission of short-duration signals,
such as decoded coherent data frames, to the central unit of
the vehicles.

Accordingly, the subject of the invention is a method for
localization the position of wheels of a vehicle, said wheels
being fitted with an electronic module suitable for transmit-
ting, to a central unit mounted on the vehicle, signals repre-
sentative of parameters of operation of each wheel, said local-
ization method comprising a preliminary phase of storing in
the central unit, for each wheel, an image, over a wheel
revolution, of the intensity of the signal received by said
central unit originating from the electronic module fitted to
said wheel.

According to the invention, this localization method con-
sists, during the use of the vehicle:

in ordering the emission by each electronic module

mounted on a wheel of a sequence of n signals emitted
with predetermined time intervals,

in computing, for each sequence of n signals, the temporal

variation of the correlation coefficients between each
signal of said sequence and each of the stored images,
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in computing the peak of correlation of the correlation
coefficients of each of the n signals, and in determining
the temporal position over a wheel revolution of each of
said n peaks of correlation so as to deduce therefrom the
time intervals separating the various peaks,

and in selecting, for each stored image, the wheel at the

origin of the emission of sequences of n signals having
the highest peaks of correlation associated with time
intervals corresponding to the time intervals separating
the emissions of the n signals of the sequences of signals.

The method according to the invention consists in corre-
lating an entire sequence consisting of several signals each
representative of a portion of one of the stored images, said
signals being received at different time intervals.

On this basis, localization is carried out by using two main
functions:

a first function of computing the temporal variation of the

correlation coefficients,

and a second function of estimating the peak of correlation

and of its temporal position in the received sequence.

The first function consists in computing, for a sequence,
the temporal variation of the correlation coefficients between
each received signal and the complete image of each wheel, a
computation consisting, based on a measurement of the speed
of'the vehicle during the emission of the sequences of signals,
in normalizing in one and the same time base each portion of
transmitted image and each stored image, for the purpose of
comparing the latter via a method equivalent to “translating
the portion of transmitted image along the stored image”.

The second function consists, for its part, in computing the
peaks of correlation of the correlation coefficients, and their
temporal position for each complete image adapted over a
wheel revolution.

In practice, it has been found that this method made it
possible to obtain a considerable margin of correlation
between each wheel to be located and the other wheels, and
this was so from relatively low speeds of the vehicles.

Moreover, the duration of each of the n signals of a
sequence turns out to be notably reduced relative to the dura-
tion of the signals required by the use of the localization
method described in the preamble of the present application.

It has therefore been found that the duration necessary for
the transmission of the usual data frames (identification code
and measured parameters) was sufficient of obtaining an
effective localization procedure, in return for the emission of
sequences comprising n successive frames, where n is for
example equal to 2 or 3.

Accordingly, and advantageously, localization is carried
out, according to the invention, during the emission, by each
electronic module mounted on a wheel, of a sequence of n
data frames comprising the identification code of said elec-
tronic module and the data representative of the measured
operating parameters.

Therefore, this localization does not require the emission
of specific signals delivered during a procedure dedicated to
localization.

According to one advantageous application designed to
confirm in a redundant manner the results obtained:

the central unit is fitted with two antennas adapted to cap-

ture signals of different intensities originating from the
electronic modules of the different wheels of the vehicle,
and/or having different electromagnetic properties,

and the localization of the wheels is determined based on

the analysis of the signals captured by the two antennas.

As an advantageous example, the two antennas of the cen-
tral unit may therefore be physically offset by 90°, and/or
consist of an electrical antenna and a magnetic antenna.
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Moreover, during the use of two antennas, a signal repre-
sentative of the difference of the two signals received simul-
taneously by the two antennas is computed and the localiza-
tion of the wheels is determined based on the analysis of said
signal. The use of such a resultant signal leads, specifically, to
removing thetolerances associated with the set of parameters.

BRIEF DESCRIPTION OF THE DRAWING
FIGURES

Other features, objects and advantages of the invention will
emerge from the following detailed description with refer-
ence to the appended drawings which represent as a nonlim-
iting example a preferred embodiment thereof. In these draw-
ings:

FIG. 1 is a schematic view from above of a vehicle
equipped with a monitoring system capable of allowing the
application of the localization method according to the inven-
tion,

FIG. 2 is a diagram representative of a sequence S of
emission of three signals,

FIG. 3 is a graphic representative of the temporal variations
of'the correlation coefficients obtained during the reception of
a signal originating from three different wheels, by means of
the first function for computing the temporal variation of the
correlation coefficients,

and FIG. 4 is a graphic representative of the peaks of
correlation obtained, for three different wheels, by means of
the second function for estimating the peaks of correlation
and their temporal position.

DETAILED DESCRIPTION OF THE INVENTION

The vehicle 1 shown in FIG. 1 is equipped with four wheels
conventionally fitted with a tire:

two front wheels 2, 3,

and two rear wheels 4, 5.

This vehicle 1 is fitted with a monitoring system conven-
tionally comprising, in the first place, associated with each
wheel 2-5, an electronic module 6-9, for example secured to
the rim of said wheel so as to be positioned inside the casing
of the tire.

Usually, each of these electronic modules 6-9 incorporates,
for example, sensors dedicated to measuring parameters,
such as pressure and temperature of the tire, said sensors
being connected to a microprocessor-based computing unit
connected to an RF transmitter connected to an emitting
antenna. As shown in FIG. 2, each of these electronic modules
6-9 is also programmed to emit periodically sequences S of n
signals, in the example three identical signals T1-T3, emitted
at predetermined time intervals IT1, IT2, and each consisting
of a frame of data representative of the identification code of
the electronic module and of parameters measured by the
sensors.

As shown in FIG. 1, the monitoring system also comprises
a centralized computer or central unit 10 situated in the
vehicle 1, comprising a microprocessor and incorporating an
RF receiver fitted in the example with two antennas 11, 12
offset physically by 90°, so as to capture signals of different
intensity originating from each of the four electronic modules
6-9, and optionally having different electromagnetic proper-
ties.

The central unit 10 also comprises means for measuring the
intensity of the electromagnetic signals emitted by the elec-
tronic modules 6-9 and received by said central unit.

These measurement means comprise an output of the RSSI
(“Receiver Signal Strength Indicator”) type, capable of
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allowing the analysis of the intensity of the electromagnetic
signals received by the RF receiver of the central unit 10, this
analysis function being managed by said central unit by
means of an analog/digital port for said RSSI output.
Usually, such a monitoring system and notably its central
unit 10 are designed so as to inform the driver of any abnormal
variation of the parameters measured by the sensors associ-
ated with the wheels 2-5.
Accordingly, the central unit 10 is notably programmed to
make it possible to associate with each signal received by the
latter an item of information concerning the position of the
wheel 2-5 fitted with the electronic module 6-9 that is at the
origin of this signal.
For the purpose of this localization operation, the method
according to the invention consists, in a preliminary phase, in
storing, in the central unit 10, for each wheel 2-5, an image,
over a wheel revolution, of the intensity of the signal received
by said central unit originating from the electronic module
6-9 fitted to said wheel.
Subsequently, when the vehicle 1 is running, this localiza-
tion method consists, following the emission by an electronic
module 6-9 mounted on a wheel 2-5, of a sequence S of three
signals T1-T3 emitted at time intervals I1T1, 1T2:
in computing three resultant signals representative, for
each emitted signal, of the difference of the two signals
received simultaneously by the two antennas 11, 12,

in computing the temporal variation of the correlation coet-
ficients between each resultant signal of said sequence
and each of the stored images. The results of this com-
putation are shown in FIG. 3 which represents the varia-
tions computed for signals originating from three differ-
ent wheels 2-5. The variations are shown for one wheel
by a line drawn with long dashes, for the second wheel
by a line drawn with shorter dashes and for the last wheel
by a line consisting of mixed dots and dashes,

in computing the peak of correlation Max1-Max3 of the

correlation coefficients of each of the three resultant
signals, and in determining the temporal position over a
wheel revolution of each of said n peaks of correlation so
as to deduce therefrom the time intervals IF1, IF2 sepa-
rating the various peaks. The results of this computation
are shown in FIG. 4 which represents the peaks of cor-
relation and the time intervals computed for sequences
of signals originating from three different wheels 2-5.
The peaks of correlation are represented for one wheel
by a continuous line, for the second wheel by a line
drawn with dashes and for the third wheel by a line
consisting of mixed dots and dashes,

and in selecting, for each stored image, the wheel 2-5 that

is at the origin of the emission of sequences S of three
resultant signals showing the highest peaks of correla-
tion Max1-Max3 associated with time intervals IF1, IF2
corresponding to the time intervals IT1, IT2 of emission
of the n signals of the sequences of signals. In this
example, it is the third wheel which is shown by a line of
mixed dots and dashes.

Such a localization procedure notably has the essential
advantage of not requiring the emission of specific signals
delivered during a procedure dedicated to localization.
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The invention claimed is:
1. A method for localization a position of wheels of a
vehicle, said wheels being fitted with an electronic module
suitable for transmitting, to a central unit mounted on the
vehicle, signals representative of parameters of operation of
each wheel, said localization method comprising:
a preliminary phase of storing in the central unit, for each
wheel, an image, over a wheel revolution, of intensity of
signal received by said central unit originating from the
electronic module fitted to said wheel; and
said localization method comprising, during a use of the
vehicle:
ordering emission by each electronic module mounted
on a wheel of a sequence of n signals emitted with
predetermined time intervals, wherein n is an integer
greater than 1,

computing, for each sequence of n signals, a temporal
variation of correlation coefficients between each sig-
nal of said sequence and each stored image,

computing a peak of correlation of the correlation coef-
ficients of each of the n signals, and determining a
temporal position over a wheel revolution of each
peak of correlation so as to deduce therefrom time
intervals separating various peaks, and

selecting, for each stored image, a wheel at an origin of
the emission of sequences of n signals having the
highest peaks of correlation (Max1-Max3) associated
with time intervals corresponding to the time intervals
of emission of the n signals of the sequences of sig-
nals.

2. The localization method as claimed in claim 1, wherein
each sequence of n signals consists of a sequence of n data
frames comprising an identification code of the electronic
module and data representative of measured operating param-
eters.

3. The localization method as claimed in claim 1, wherein:

the central unit is fitted with two antennas adapted to cap-
ture signals of different intensities originating from elec-
tronic modules of different wheels of the vehicle, and/or
having different electromagnetic properties, and

localization of the wheels is determined based on an analy-
sis of the signals captured by the two antennas.

4. The localization method as claimed in claim 3, wherein
a signal representative of a difference of two signals received
simultaneously by the two antennas is computed and a loca-
tion of the wheels is determined based on an analysis of the
computed signal.

5. The localization method as claimed in claim 2, wherein:

the central unit is fitted with two antennas adapted to cap-
ture signals of different intensities originating from elec-
tronic modules of different wheels of the vehicle, and/or
having different electromagnetic properties, and

the localization of the wheels is determined based on an
analysis of the signals captured by the two antennas.

6. The localization method as claimed in claim 3, wherein

a signal representative of a difference of two signals received
simultaneously by the two antennas is computed and a loca-
tion of the wheels is determined based on an analysis of the
computed signal.



